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Normal and Discrepant Face-Voice Integration in Early Infancy

&ichael Leﬁis, Linda Townes-Rosenwein, and Harry Mecdrk

Educational Testing Service

Abstract

The present series of studies was undertaken to explore intersemsory

proeessing 1n the very young. In the first experiment 1-, 4- and 7~month-old

infants experienced simultaneously their mothers' faces and voices. The |
| varieue conditions consisted of diSplacing the voice from the face. The'
results indicated that infants as young as one month of age show 1ncreased
looking behavior although there was no 1ndication of emotional upset when
there was face-voice diaplacement. In order to determine why voice displacement
results in 1ncreased looking, several othetr face~-voice pairings were observed. |
In the second experiment face-voice discrepancies, such as moeher's fac:» with
stranger's voice, were presented. Tﬁe results indicate that face-voice
discrepancy is as effective as face-voice displacement, suggesting that face=
voice schema integration exists in the very young. These results are discussed

in the context of the integration of schema in the young infant.



Normal‘and Discrepadt Face-Voice Integration in Early Infancy1

Michael Lewis, Linda Towneé—Rosenwein. and Harry McGurk

Educational Testing Service

Our world simultaneously presen:s us with an enormous amount of stimula-

tion in many modalities. Despite the study of perception has
primarily focﬁsed on the ability o'ptocéaé in Armation*one modality at a
._time, as if zhis abili:y could be separa:ed out fyom responsiveness to the en~
vironment as a whole. One of the implicit concep:s.underlying this kind- -of
work with young children seems o be that the child starts with the abili:y
to process information in one modalicy at a time and later develeps an ability a
to integrate informétién from more fhén one modality (Birch & Leiford, 1967; |
Piaget, 1952). Recently, however, some reseérchers (Carpenter, 1973; Goodnow,
1971) have begun to question this assumption. | ‘
The present study was undertaken in the belief that the exploration of thé
origins of intersensory processing is vital to understanding the child's response
to and conception of his world. Up until this time, only a few researchers have
studied this problem in infancy (Aronson & Rosenbloom, 1971; Birch & Turkewitz,
1966; Korner & Beason, 1972; Piaget, 1952).
We were also interested in discovering what simultaneous presentations of
intersensory information, originating from the same source (from the adult's
point of view), could add to knowledge about schema development in infancy.
Thus, we chose the human being (mother and female stranger) as a multimodal
stimulus naturally occurring in the infant's environs. Previous work has clearly
indicated that intramodal violations of the normal face "schema" are differentially
responded to, at least by infants of three months of age and older (Haff & Bell,
1967; Hershenson, Kessen, & Munsinger, 1967; Kagan, Henker, Hen-Tov, Levine, &

Lewis, 1966; Lewis, 1969), but no work besides Aronson and Rosenbloom's (1971)

and Bell's (1970) has examined intermodal person schema. Aronson and Rosenbloom's



(1971)'study‘on-the‘intersénﬁory integrative capacities of véry young infants
(one month old) is particularly important because they chose to investigate ﬁhe
integration of auéito:y(human_yoiées) and‘visual (human faces) information
tatﬁer than the visual-haptic integration. Arénson and Rosénbloom (1971) found
fhaﬁ infantS“at.the idéredibly young age of one month were upset by the spatial
displacement of the mother's voice while she wvas talking. In view of the pio-
neering“nature'of'this work, it was important to have confidence in the findings;
Aronson aﬁd Rogcﬁ toom (1971) did not control for the order of présentation of
normal face~voi£i‘and displaced-voice presentations; the infants might have
become upsef through fatigue or some othér temporsi variables, since the viela-
tion stimuli were always presented at the end of ..ach session. Second;:Aronsdn
and Roseﬁbloém chose increased tonguing as a measu- ¢ of distrgss. "tore frequent
tonguing during the violation stimuli might have occﬁrred because the infants
were hungrier by the end of the experiment. In any case, it has not been
empirically demonstrated that the amount of tonguing is in any way related to
distress. Third, to simulate the normal face~voice pairing in which the mother's
voice came from the same direction in which she was seen by the infant, two
loudspeakers were used, one on either side of the infant. To simulate the viola-
tion condition in which the voice was displaced from the person talking, they
used only one loudspeaker. Thus, the differential responding to violation versus
normal stimuli might have reflected a monophonic versus a stereophonic effect

and not a displacement from the face-voice effect.

For these reasons, it was decided first to replicate Aronson and Rosenbloom's
work using the three new controls indicated above, and then to undertake another
studv further exploring infants' reactions to face~voice violations. It was nec-
essary to determine whether infants in fact do respond diffe.entiaily to viola-

tions of face-voice irterrations, what kinds of violations produced differential
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fespohses, and whether an intersensory schema of a familiar.ohjeét (the child's
'ﬁothér) existed and might differentially affect responsiveness to violations of

face-voice schema.

Experiment I

Method

o 'fhe”basit éef:iué'éﬁd.methéé Af fﬁe.tﬁo exberiﬁentsvﬁas théwgame, fbefe-
fore, the foilowing exposition applies to both, except as émendéd {n the method
section for'Experiment 11.

Subjects. The subjécté were ébntacted‘by telephone after their names were
found in the birth lists of the local newspaper. Appointments were wade for a
time when the child was awake and alert. The 35 subjects were Caucasian and
came from varying social classes. Four female and 7 male 4-week-old infants
(+ 3 days), 5 female and 7 male infants 16 weeks old (+ 7 days), and 6 female
and 6 male infants 30 weeks old (£ 14 days) participated. All infants were
_accompanied by their mothers.

Setting. The setting was designed to replicate that of Aronmson and Rosen-
bloém (1971). The experiment was conducted in a 10' x 13' room which had two
doors on one side and two one-way observat;on mirrors on the other. The room was
divided by a piece of transparent Plexiglas, flanked by curtains, which created
a sound barrier between the two sides of the room. An infant seat facing
the Plexiglas and three, 8 inch deep speakers sat on the floor on one side
of the room. The speakers were equidistant from the infant (39 1/2" from
the back of the speaker), one directly in front of the infant and one on
either side. Thus, volces could originate from any of the three speakers.

The loudspeaker directly in front of the infant was designed to simulate nor-

mal veice~face pairings in which voice and face come from the same locus.




-

On the other side of the Plexigies a chaif was placed 50 1/2 inches
in frbnf of the infant seat. Here the mother sat and talked to her baby.
..Behind the cﬁair aIQideotape camera ﬁas focused on the infaﬁc seat, and on
the chaiwaas a microéhoﬂe. | o o | “ |

_Session.  The mothers were‘told that this was a study of babies' ability
to tecogqi;e their mothers' #oicés and ﬁoice-location discrepancy. They
wete.assute& that grying‘is a natural résbonse and4scm¢th1ns ve were interested .
in observing.

The mother put her baby into the inﬁént seat. Then, she walked out,
'shut;ing the door on the bahy's side of the room and entered and shut the door
on the other side of the room visible to the infant through the Plexiglas
screen. The mother then sat down, picked up the microphone, and began talking
to her infant.

The mother was told to talk continuously, using her normal voice level and
ﬁanner of vocal interaction with her baby. Due to efforts made to calm and/or
gake the infants before the session began, no subjects had to be eliminated
because of upset or sleepiness.

Stimuli. There were four 30-second stimuli presented in ;mmediate succession
over the 120-second session. From another room, the experimenter could select the
loudspeaker through which the baby heard his mother's voice. The first and
last stimuli were always mother's voice heard through the center speaker (C),
the "normal” stimuli. The second and third stimuli consisted of the voice
heard from right (R) and left (L) speakers sequentially, the "violation" stimuli
or discrepancy condition. The order of richt and left presentation was random-
ized over subjects. The mother was blind to which stimulus the baby was hearing,
since she could not hear through the Plexiglas.

Measures. During the session, the babies' responses were filmed and
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viewe&‘on é'mohicor in the experimenter's room. Any sound'from the baby's
side of the room was also recorded on the videotape and heard through the monitor.
An observer coded from the monitor during the session. The coding was
blind, because changing locations of the voice stimuli were not detec:&bie on
the monitor. Eight infant behavioré'wéte.definéd and coded:
Vocalize -.g emits any neutral or pleasant sound from his vocal
“chords, ~ .udiag grunts and gurgles. Laughing, lip
smacking, sighs, sucking, crying and burping.noises are
not included. |
Smile/Laugh = S's mouth is broadened or turned up and/or he makes a
laughing sound. | | |
Frown ~ 8's brow is furrowed, and/or his moufh is tufned down,
and/or his chin quivers.
Fret/Cry = S emits unhappy or unpleasant noises.
Look forward - S's eyes are turned toward the Plexiglas
Look right = S's eyes a?e turned toward the speaker on his right.

Look left -

7]

's eyes are turned toward the speaker on his left.
Look down ~ §'s eyes are turned toward the floor.
A measurc of total looks was obtained by adding the four look measures.
The coder recorded the number, not the length of the looking responses when
) they occurred. When the other responses occurred, they were coded only once
within a stimulus condition. All.codlng was done by 30-second intervals.
The reliabilities were determined by another trained observer. The relia-

bilities ranged between .80 and .90.




‘Rééuits

since the ndmber of suﬁjecté was small and the data ﬁere ot normally d£s~
.tributed nonparametric statistics were used. Tuo-tailed tests were used in
all analyses. In general, the data were analyzed by a Randomization Test for .
Reiated Slmples (%iegel, 1956) for all within-subject comparisons. A Wilcoxon
Matghed-Pairs Signed~-Ranks Test was used to analyze combined age group data.

Mgdn data on each of. the stimuli are. presented by age group in Table 1...

Inse:t Table 1 about here ‘

 Fret/cry, frowﬁ, vocalize, and émile/laugh occﬁrréd infrequently. Tﬁe frequency
of these behaviors is too low for statistical significance to be obtained.
Even so there were no patterns with regard to normal versus violation stimuli
and the statis?ical analyses included only the looking measures plus vocalization.
The data on the two violations show a gencral increcase in orienting'to
the correct direction of the voice with age, regardless of direction of voice.
To analyze the interaction between looking direction (left or right) and voice
position (left or right), we compared the number of looks right minus looks
left for a right violation (R) to the number of looks right minus looks left
for a left violation (L). The interaction was not statistically significant
for the l-month-old group, but reached significance (p <.05 and .01) in the 4~
and 7~month-old groups, respect ively.  There was also a tendency for the l-month-
old subjects to orient more to the right than left during the violation trials
(adjusted for response during normal trials), but this differcnce was not
significant.
In addition, a comparison of normial versus violavion conditions indicated
some differential responding for the other looking measures. For . ach

looking measure, a within-subjects test of the direction of the difference to
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determiné whethef.subjects lobked around mcre,'regéréleés of the direction of

the violation, during violation than during normal stimuli revealed no signi-
ficant differences fof the>1-ﬁonth group. However, there_were-significantly
mofe'left ldoks d&ring the violation condition (2<:.02) for the A-mbnth grbup.

and more right looks, left looks, And tocél looks dﬁring the viélation cdn&ition-
for the 7-ﬁduth group Qg<i.05 or bétter). For the groups combine&, tﬁefe |
wé:gmsighificéﬁtlymnfevleff looks, rigﬁt lﬁbks,andwﬁqtai loqké &uring'ﬁhé -
Violution than during the normal condition (p< .01, .05, and .02, respectively).
Thus, In all cases, the significant differences indicatéd more looking during

the violation than during thé normal condltidns. |

The previous analysis seemed to indicate that one-month~old infants cannot

discriminate violation from normal stimuli. Possibly, however, the within subject
analvsis disregarding direction would result in a different conclusion. We
tabulated thé total number of subjects differentiating between normal and viola-

tion stimuli. Differentiation was defined as the difference between the mean

Insert Table 2 about here

response to the normal stimulus trials and the mean response to the violation

st imulus trials for each subject. Subjects were broken down finto 3 groups: those
who responded more to violation than normal stimuli; those who responded more to
normal than violation stimuli, and those showing no difference (see Table 2). Thus,
3 one-month-old subjects showed stimulus differentiation on the "looks forward"
measure. Of these 8, 6 responded more to the normal stimulus than the violation
while 2 responded more to the violation stimuli than the normal. A similar analysis
wias performed for the 4~ and 7-month-olds (see Table 2). While one-month-~olds
failed to show significant differentiation (8 out of 11, p «.15), the older ages

did (p <.05 or better). With age a greater vroportion of subjects differentially

responded to normal versus violation (pg .05 with df = 2, calculated by a Kruskal-
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Wallis One-Way Analysis of Variance on the total proportion of subjects showing
differentiétion). In genéral, with age, a larger proportion of those subjécts
~differentiating between normal and violation stimuli responded more to violation

than to normal stimuli,

- DPiscussion
The most 1mportaﬁ:_resnlt of Experiment I was the failure to replicate
Aronéon and'Rosenbiéomfé (1971)Nresﬁlts. AThose authors fepoftéa that30~day-.
old_infants were more upset during face-voice violétioﬂg‘in which the voice
was‘disﬁiaced from the face than during normal face-voice integration. How-
ever; the pregent study failed to find this effect for anf of the age groups
examined. Certainly, there are several reasons for the difference in results.
First, more controls were instituted in the present experiment. Secohd, the
measures used to determine the infant's disturbance were different. Because
‘of Aronson and Rosenbloom's emphasis on it, tonguing was also noted in the
present study, but there was no experimental evidence that tonguing correlated
with any of the measures of distress or that it was more likely to occur
during the violation stimuli. Third, there were, perhaps, critical procedural
differences between the two studies, in addition to the use of monophonic
versus stereophonic stimuli. For instance, Aronson and Rosenbloom eliminated
subjects who showed distress at the beginning of the experiment, thus possibly
selecting infants whose distress took longer to surface. (Randomizing the
order of the stimuli would have controlled for this preselection problem.)
Moreover, fn Aronson and Rosenbloom's setup an observer was present In the
room with the baby. It is possible that the stranger had a negative effect

on the infant's affect.
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The results of Experiment 1 éuggést a-grcwing fendeucy t; orient one's
'eyes fowards souﬁdé. The data cérroborate Piaget's (1952) observations regard-
ing cérreét head oriencation to sound, Tﬁrkeﬁitz, Moreau, Bitéh,”and ﬁévisi |
(i971) have-found evidence of correct hea& orientation to sound as early as
‘the first th;ee days of life. Whethe: this response repfesents a éevelopﬁehtal
abifity fof lécalizing soun&, or a maturational cﬂange iﬁ the pﬁysicai‘ability- '
for turning to one side or the other, is a quéstion not answered in this paper.
Increasing iocalizthg ability, through learning or matufation or both, is &
likely occurrence. Uﬁ the other hand; several autﬁors (Cérhacek & Pcdiviﬁsky,
19715 Gesell, 1938; Seth, 1973; Turkewitz, Gordon,. & Birch, 1965) have, in
fact, found evidence for various kinds of shifts in lateral preferehce and
predominant side of orientation during the ége range in question. If the degree
and manifestation of theée preferences is shifting within this age group,
these lateral preferences might be influencing the child's ability to express
localizing ability with appropriate head turns. “
The evidence for discrimination between normal and violation stimuli is
suggestive. The dara seem to show that l-month-olds look around slightly
more during normal than during violation stimulil, while 4~ and 7-month-olds do
the opposite. The absolute differences between direction of looking during the
normal and violation conditions indicate a growing amount of discrimination
between the two with age. The result that, in general, there was more looking
. during the violation than normal stimuli led us to question whether increased
eye turning is the result of localization efforts of the infants, or whether
it is evidence of integration of face-voice schema. In order to investigate
this question, i; was necessary to violate the normal face-voice pairing in

some other way. Therefore, a second study was undertaken.
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- Experiment 11

In order to tmprove the methodology of Aronson and Rosenhloom’s (1971)
study, to replicate the findings of Experiment I, and to explore further
infants' ability to integrate faces and voices, the authors undertook a second
‘ study. Other kinds of Eace-veice violations were introduced to determine
whether iﬁéreased eye turning was in faet‘evidenee for face-voice integration.
We chose a metﬁod of.chaﬁging :ﬁé meening'of one of the components as it
-related to the face~voice pair, i.e., pairing the wrong voice with the wrong
'face. 'Experiment II was deeigned to investigate the reIationehip between a
learned schemé—-a familiar face-voice pairing ef the mother-eand a more general
aﬁility to integrate the two stimulus modalities~~the same pairing for a strange

female. For these reasons, the reactions of infants to violations of face-voice
pairings of both their mothers and female strangers were observed. In addition,
we wished to know whether infants react to one part of the face~voice constella-
tion or to the pair as a whole. Thus, the identity and presence of the face,
the identity and presence of the voice, and the location of the voice were all
varied. Finally, we changed the infant's orientation to see how his position

affected eye turning. .

Method
A six-factor within~subject design was used. There were two voice locations,
two faces (mother and female stranger), two corresponding voices, eight stimulus

orders, two age groups, and both sexes. The 18 different stimuli were

presented in four series.
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Subjuects. The Suﬁjécts were 5 male and 2”fema$e'4~wéek-oids (+ 5 days),
and 6 male and 4 feﬁale 16-week~olds (+ 7 days). The infants were Caucasian,
fuil-ter&, and céme from var&ing social classes. The majority were from
professional families and were Eirstborn;

Setting. The experiment was conducted in thé same room as that uséd in
Ekpe;imeut I. A second room permitted & female adult, unseen by the baby, to talk to
him fhrdugh a micrOphonéa At the same time, the aduiﬁ could watch the baby.on'

o a television monitor. This adult could not hear what was being said by the
experimenters‘in still énothervroom. Ih this third room,»which alsb included a
TV monitor, Es selected the voice heard by the infant and the loudspeaker that
cransmitted that voice.

sessions. Subjects were seen on two days which were usually consecutive.
Two stimulus series were presented the first day and two the second day.

Prior to each session the mother and stranger adjusted their voice levels so
that on the baby's side of the room they seemed equally loud. Care was taken
to ensure that the baby did not see the female stranger before the experiment.
The same stranger was used in both sessions.

In the e¢vent that the subject became upset and fussy for more than two
trials, a break was taken. If the break lasted over three minutes or if the
baby had been crying too hard to register the stimuli, the entire series was
repeated and only the second run-through scored. However, only two subjects
needed a rerun.

As in Experiment I, both the mother and stranger talked continuously to
the baby throughout all sessions. The adult in the baby's room began talking
as soon as she entered her side of the room and picked up the microphone; her voice

was heard through the central speaker. Shortly thereafter, the first trial
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began. At the end of each series, the voice 6f‘the'person in thé'béby's room
was switched béck to the center. Thus, before and aftér each series, the in-
fant experienced the adult's voice coming from the center. Both the mother and.

the stranger were blind Lo which voice the child was hearihg.

Insert Table 3 about here

 Stimuli. Eighteen stimulil were presefited once each and divided into four

stimulus series (see Table 3). Generally, each stimulus was presented for 30
seconds. However, it was necesééry to be éure the baby was exposed td the inte~
.gratéd stimulus (both face and voicez), i.e.,that the baby was looking at the
face when the voice cﬁanged. Thefeforé, the stimulus was changed either the
‘first time after 30 seconds that the baby oriented to the Plexiglas, of'after

é total of 45 seconds, whichever came first. Only the first 30 seconds were
coded. The child was seated facing the adult for all series except the side
s;ries during which he faced the speaker on his right. The orientation of the
child was changed to control for head position preference and for interest in
certain parts of the room.

[he voives were transmitted through one of two speakers, the center and
the one on the baby's right--although there were three speakérs in the room.
When an adult was present on the other side of the plexiglas, the baby was
alwvays able to see her lips moving, regardless of whether and where he heaid
the voice. .

The four series were (a) mother-visible, (b) stranger-visible, (¢) no-
one-visible (voice alone) and (d) S facing sideways (side). The mother-visible
and stranger-visible series were the same except for the identity of the person

in view. The mothtr-visible series consisted of all stimuli in which the mother



-] 3=

was seated Oppoéitc Lhe-child gnd'visiﬁie to.thE_chiid; stranger-visible of all
stimuli for which the stranger was opposite and visible. Mother-visible and
strqngef-visible‘were always presented on one day, no-one~visible and side condi-
tions, the other. vThe'nrdef_of days, of series within days, and of stimmli withiﬁ
- series wAs}raddomized over subjecéé. The two seriés within each day were separﬁteﬂ
by a broak during which the mother came'uvér to the child's side of the room and
interacted with him. B
There were six conditions (see pole 3), which differed aceofding to what
voieé(s) were heard by the child. The conditions-weré: nbrmal, face-voice
discrepant, face=-only, one-voice, two-voices, and side.
| §Q§m§1. This condition ﬁreéehted as normal a face-voice integrqcion as
possible; stimulus numbers 1 and 6 (see Table 3, last column to the right,

for stimulus numbers).

Face-Voice=Discrepant. This condition consisted of six stimuli, two each

of three kKinds of violations.
(1) Right-side violation: The person and her voice, experienced in two
different locations (stimulus numbers 3 and 8).
(2) Person violation: The person and another voice, coming from the
center speaker (stimulus numbers 4 and 9).
(3) Person and right-side violation: The person and discrepant voice
were experienced from two different locations (stimulus numbers 5 and 10).
Face—UOnly. This condition always occurred at the beginniﬁg or end of the
mother-visible and stranger-visible series. The visible adult sat moving her
lips silently (stimulus numbers 2 and 7). The beginning of this condition was

signalled by a red light placed near to but out of view of the baby. Thus, the



-14;

adult chunged from speak{ng Alqud‘to speakipg siléntly, ‘ The;eﬁd of the con-
dit ton occurred when the red light went off.and‘the adu;t chaﬁged back to
speaking aloud. Ihis was tpe‘oﬁly ;onditibn in which ghe adult knew what the
child heard.?

| Uue-Voiée. Tﬁése stimnli were presénted with no one visible (stimulus
ﬁumbers 11 and 14). At the beginning of chis series, the mother hid behind the
curtain on her side of the Plexiglas

Two~Voices. This condition included stimulus numbers 15 and 16. The pre-

ceding three ccnditions were introduced to determine whether the infants were
responding to the 1ntegrated face-voice stimulus, or only aspects of it.

Side. In this condition the child faced the right speaker.instead of fac-
ing front (s;imulus numbers 17 and_lS).

Measures. Most of the measures were the same as for Experiment I. Look
down and look left were not used. 1Two measures3 were added and defined as
follows:

Look Other - 8's eyes are turned in any other direction besides forward

or right. This measure included the look left and look down
measurces of Experiment 1.
Quiet - 8's bodily movements, vocalization, or fretting sounds markedly
and suddenly decrease, especially in relation to attention to
a new stimulus. Only one "quiet" response, therefore, was
* coded per stimulus.

Coding was done directly from the monitor. The location of the voice was
unknown to the coder.

Reliabilities were computed on three randomly chosen subjects from each
age group. After the experiment was over, an observer naive to th. results of

the experiment scored the data from the original videotapes. The reliabilities
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wore .77 ‘(looks rorward),. .98 (léoké.right),;.?d (looks dﬁher), .82 (total
Ivoks). <98 (quiets), .76 (vocalizes), .98 (smiles/laugﬁs), .92 (frowns), and
.§b (freCSIcrieé). The oﬁerall reliabilities were equally high:".82 and .87
for 1- and &—moﬁvﬁ—ol&‘groups, réséectively; Therveraii Qbserver.feliability‘

for both age groups was .85.

- éesults
..Siﬁéé ;heré wvere few s#bjééts #nd the.data ﬁére not ﬁormally distfiﬁuted;.
two-tailed noﬁbaramétric stacistics were used. The Randomization Test was
" used for all within-subject comparisons (which included most testsof differ-
ences), exéept those involving combinéd age gronpé or combined sthigs where
the Wilcoxon Test was used. To compare age groups and the results of

Experiments 1 and II, the Mann-Whitney U Test was used.

Replication of Experiment I

~

Experiment I1 failed to find significant differences in head orientation
to the right during violations of the right side. However, the mean data are
in that direction (see Table 4). Since there were no sample differences for the

measure looks right for the normal mother stimuli and the mother right side

Insert Table 4 about here

violation stimuli, data from both experiments were combined. The combined data
showed significantly more looks right during the right side violation than during
the normal stimulus (p .02 for the combined age groups and the 4~month~olds—-

this comparison was not significant for the 1~month—olds).4

Response to Violation Stimuli. As in Experiment I, comparisons were made

between the response to normal and to violation stimuli. The stimuli were divided

into: four groups of violation stimuli. (A) All violations included all stimuli
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except . the two normal stimuli and the side stimuli (17, 18) which were excluded

5

from the calculations, The next three groups compriséd subsets of the

stimuli in the All violations group. (B) Right-side violations consisted of

those conditions when the voice came from the side speaker with the faces visible

(stimulus numbers 3, 5, 8 and 10). (C) Face-voice violations encompaséed

stimuli in which the voice heard was not that of the person visible (stimulus

numbers 4, 5, ¢ and 10); (D) Face~ and voice-only violations were conditions in
which only the face or a voice(s) were present (stimulus numbers 2, 7, 11516);

Means were computed for these groups and for the nofmal stimuli (see Table 5).

Ingsert Table 5 about here

As in Experiment I, there was little emotivnal behavior (vocalize, smile/laugh,
frbwn, fret/cry, and quiét). Table 5 presents the meané of all tﬁe ﬁeasures.
There was also no evidence of differential emotional responding during normal
versus violation stimuli. Therefore, only the looking and vocalization measures
wére analyzed. The mean responses to the violation stimuli were compared with
mean responses to the normal stimuli. Significant differences are indicated in
Table 5.

For all categorieé of violations combined there was a significant difference
from the normal condition for most of the looking measures (especially total looks) '
for both the four-month-old and the combined ages groups (p £.05 or better).

The comparisons between the normal condition and the violation categories were
not significant for any measures for the onc~month-old group.

When the various categories of violations were compared there was no
significant difference between them (Friedman Two-Way Analysis of Variance).
Because of the manncr of looking at the various violation caregori.s, cach

contained stimuli in which a voice was presented to the side. Possibly, these
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sgim&Lichre thé ones causing the increased number of looks because the infants
were searching for the loéation.of the ﬁoice. 'To check on this possibilityt

~ we compared stimuli in which the voice identity differed from that of the face N
but both were in che same location (stimulus numbers 4 and 9) with stimuli in
which the voice identity was the same as that of the face but there was a location
’discrebancy (stimulus numbers.B and 9). If the increased looks ﬁeﬁe caused solely
by~the-localization-efforts,-the-awonshould-bg-significant1y~different.“.Ih fact, .
" there was no diffgrénce between them (h.s.) and they were both equally differen;
from the normal condition (p <.03). Thus while violationsifrom normal result

in incréased'looking, at least for the four—month~oids, the nature of the viclation
did not seem to affect differentially the infant's behavior. This would indicate
that face-voice discrepancy caused as much lookihg behavior as the face-voice

displacement,

Resp mse to Violations: Within-Subject Analysis. The previous analysis

seemed to indicate that one-month-old infants could not discriminate violation
from normal stimuli. However, as in Experiment I, it may be that a within-
subject analysis disregarding direction would result in a different conclusion.
In this analysis, we looked to see whether a subject himself showed a significant
looking effect. This possibility was tested in a way similar to that used in
Experiment I. The total number of subjects significantly differentiating between
normal and violation stimuli wis determined. Significance for each subject

was computed by comparing the mean of the response to the normal stimulus with
his response to each of the violation stimuli. The subjects who significantly
differentiated between normal and violation stimuli.were divided into three groups:
those who looked around significantly more during violation stimuli, those who
looked around significantly more during normal stimuli, and those showing no

difference.



~This analysis fafled to Indicate that one-month-olds were ah10 to‘diffvruutidte
the ﬁormal from violation stimuli (only 287 showed significant differences in
the Iuoks). However, there was some difference in terms of how this discrimina- .
tion was expressed at the two ages. There was a similar pattern found to that
of Experiment I. Apparently most of the four-monthfolds who responded signifi-
éantly differently during normal versus violation stimuli looked more during
violation stimuli (p<.008, Binomial.Test for proportions), while, on the other - - ..
hand, half the nne~month-olds who differentiated between normal and violation
stimuli looked wore during normal stimsii (p <.05, Binomia;‘Tes; for pro-

pertions).

Differential Response to Mother Versus Stranger. Tests of directional dif-

ference revealed no differential responding between mother and straiger stimuli
for the normal and face-only condition and for violations involving the mother
~versus those involving the strangcr.ﬁ However, there were soﬁe significant
&lfferences for the one-voice-unly condition (more vocalizations, p< .04 and more
looks éther, g<:.03, to the stranger's than to the mother'’s voice for the 4-month-
old group).7

The Relationship between Mother/Stranger Differentiation and Differential

Responding to Violation Versus Normal Stimuli. There remained the possibility

that mother/stranger discrimination was related to the response to violations of
normal face-vouice integration. Thus, Spearman rank order correlations were com-
puted between mother/stranger discrimination and response to violation stimuli.
Dif ferential responding to mother and stranger was represented by the absolute

difference between the response to mother-normal and stranger-normal stimuli,

while the response to the violatfon stimuli was represented by the absolate
difference between the response to all the violation stimuli compined and the

response to the normal. For neither the 1- nor the 4-month~olds were there



strong corrglatidns (either negative or pusitive) between mother-stranger
d;scriminacion under the normal conditions and the infants' ability to differ-

entia:g the nqrmal stimuli from all_the violatiqn stimuli.

Voice~Only and Face-Only Comparisons. The next.compéri;ons were analyied
;o‘check whether the subjects were in”fact responding to the incegtated-face-
| vojice sftuation. They could have been responding only to the face (the visual
dimension) orvéhly to the voice-(auditory dimension) tather~than.thé.faee plué
the voice. If so; oné wvﬁld expect a significant difference from one of the
following comparisons: face-only versus face-voice stimuli, voice—only versus
face-voice stimuli, or faceQOnly versus voice-only.stimuli. However, none of
these were significant. It was still possible that infants' responses to the
face~voice stimuli were determined by the fact that there were two parts to
these stimuli rather than thaﬁ the ﬁarts consisted of two separate mndalitieé.
If so, oie would expect a significant difference from efither of the following
somparisons: .intramodality stimuli having two parts (the cwo-voices stimuli)
versus intermodality stimuli having two parts (the face-voice stimuli) or between
stimuli having one part (face-only, voice-only stimuli) and those having two.
The former comparison was not significant and neither was the latter (as
demonstrated above). Thus, it secmed that the infants' reactions to face=voice
stimuli represented neither a response to a single dimension alone nor one to

two separate parts, but rather a response to an integrated intersensory stimulus.

Discussion
Recently, there have been reports of infants looking away from aversive
stimuli (Bronson, 1972; Carpenter, 1973; Stechler, 1967). Although our subjects

did not get upset during the violation conditioms, our measure "looks other"
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pight oe another wav ot testing the aversiveness of the disf'ru;s.;nt stimultl
rcpvrtcd by Aronson and Rosenbloom (1971). However, tﬁis iooking ﬁéasgrv
was not way_diffet99£ from the other looking measures..-Certainiy, the ngmhcr
of "looks other" provides no clear-cut evidence of such an aversive reaction.
"Looking away" can also be interpreted in terms of stimulus monitoring, a
“t-lg.ni‘tive m:hef than emotional respomm (Carpenﬁer, 1973), Carpenter
suggests that the lookihg»awéyibehavior of-very-young infants might be an
attempt to alter the behavior uf the stimuluSQ This suggestion may help to
exhlain why the older infants in the present study spent more time looking
away during violation than during nurﬁal cobditions. In addition, Bronson
(1972) found an increasing amount of looking away with age (3 through 9
months). However, since gaze aversion was rare when the babies were smiling,
;he concluded that it represented an emotional as well as a cognitive response.
Pérhaps gaze avoidance changes ity meaning or the relative importance of
fts functions from cognitive monftoring to emotional expression (if these
two functions can ever be separated) with age.

Thus, not onlv do infants at different ages express their discrimination
ability differently, but the meaning of the discrimination may be different
for the different ages. Still, the discrimination of such subtle differences

between normal and violation stimuli is remarkable at such a young age.

The results support Aronson and Rosenbloom's (1971) results in showing
early discrimination; however, voung infants do not become upset when a voice
is displaced from the person talking. There is evidence that indicates tat
even some one-month-oid infants are able to discriminate between normal |- ce-~
voice integration and violations of it If we look at absolute change rather

than rely on a directional analysis. However, by four month: most infants make

this discrimination.
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The preaent demnﬁstration of four-month-olds AbLlify to discriminate
between uurmal and Jdiscrepant face-voice integrations supports Piaget's |
(1952) pr0p05dl that intersensor» integration begius at about 4 1/2 months
of age {see also Decarie, 1965). Our own data suggest cha: this capacity may be |
present, at least for some infants during certain circumstances,,as early as |
one month of age. The results from bnth Experimen:s 1 and 11 support the notion
lhdt at least by four mnuths the infant has obtained a schema of a Eace—wbice
relationship. Thus the "look about" found in Experiments I and II is not only
to localize the soﬁnd‘by orientating the recep:ur;'buf a éearch for the missing
¢lement.uf thé integrated‘schema. This .was demonstrated'by the face-voice
discrepancy condition of Experiment [I.  The findings of Plaget are based Oﬁ
the infant's active response to inanimate objects. The results of the present
experiment suggest that when the résponse is directed to peopls and is reactive
(i.e., doesn't involve an active motor response or intention), even younger
infants can be shown to make this discrimination. Perhaps the one-month-olds
were aided in the discrimination by the diverse and numerous cues emitted by
humans and by the affective bond infants have with people. Bell (1970) showed
that person permanence generally develops earlier than object permanence. Using
redactive responses, Bower and Paterson (1973) postulate the existence of
perceptual precursors of object permanence; since we measured reactive responses

too, perhaps the one-month-olds were demonstrating these perceptual precursors.

Two previous studjes did not find differential responsiveness to face-
voice discrepancy in early infancy. 5. Cohen (1973) found no differenti.l
response to discrepancy at 5 months, and differentiation only for some infants
it 8% months. Carpenter (1973) also did nor find significant differential
responsiveness between ages 2 to 7 weeks to a voice~face discrepancy (although

resuits are in that direction). The differential results can probably be



explalned on procaedural pgrounds.  In the preSent‘ckpcriment. the adults were
allowed free speech in response to the fnfant's actions (cont fngent Verbﬁl
.behav{url,.whcrcasAln Carpeﬁterks (1?73) experiment the adult récitudla rote
passage (noncuncingént verbal behavior). Some research (Brouécq, l972)
indicates lncreased wariness by infants who fatl to elfcit expected reactions
.inva saocial situvation. 5. Cohen (1973) used only fi:st‘fixétlon measures
which were probably not sensitive enough.

several studieé do réport that during speech there is a suppression
effoet of elther motorle activity (Tulkin, 1971; Turnure, 1971) or of vocalization
on the part of the infant (Barrett-Goldfarb & Whitehurst, 1973; Jones & Moss, 1971

Lewis & Freedle, 1973; Webster, 1969) for the age range three to twelve months.

Thisieffect s ascribed to the fﬁct that infants are differentiﬁlly-listening to

the speech. Tulkin (1971) and Barrett-Goldfarb and Whitehurst (1973) found signifi-
cantly more suppressed vocalization or motor activity to the preferred person's voice;
the suppression was viewed by these authors as a measure of listening preference.
The present study supports this finding at the even younger age of four months.

In addition, there was more "looking other" during the stranger's voice in con-
trast to the mother's voice for the four-month-olds. The latter finding may also
indicate greater motor activity and less attention during the time the less pre-
ferred person was talking. From the animal literature, Gottlieb (1973) who

studied normal and discrepant face-voice integration and its efféct on the

followinr behavior of ducklings found the identity of the adult duck's voice

(mother of own species versus another species) to be more important than her

visual attributes. Nevertheless, the largest amount of following occurred when

both the mother duck's face and voice were paired. In the present case as well,

the identity of the voice (mother versus stranger) seemed to have more discrimi-

native effect on the infant's responses than did her visual attributes.



Cthe side presentat fon conditinn provided an opportuaity to examine the

‘relative iﬁterest‘in ;hé faee versus the §oice as indéxgd by head turning‘and
to disentangle interest in the face from heéd tutning_gbility. The infants
vriented as much towards the face regardless of the poéition of the infant seat.
However, four?munﬁh?élds. especially, could diffetentiall? turn towards the
di:ectidn of the sound, showing that théy were not visually captured, altho&gh
;hey.evidently cho;e to look in the direction éf a face when omne was'prgsent.
| In-addition.‘diffefehtial :espbnse occurred to neither the véice alone nor

the face aloﬁe.~ This result contrasts with Carpenter's (1973) finding (using
duration measures) of the salience-of the face alone versus Qdice alone,
probably because the infants in her study were so close to the stimuli (only
10" away).

Although there was no discrimination between normal mother and stranger
stimuli, the infants 4id seem to recognize whose voice went witt whom. Evi-
dently they were able to discriminate a violation of the normal pairing of
voice with person from the normal pairing (sce Taple 5).. Tulkin (1972) reports
that some ten-month-old subjects looked in the direction of the correct person
(mother versus stranger) when that person's voice was heard over a loudspeaker
(locus vioilation). In the past (Lewis, 1969; McCall & Kagan, 1967) the violation
of {ntrasensory schemas has provided additional information about the infant's
response to normail schemas. It now scems that infants' responses to violations

of intersensory scaemas can also reveal capacities not otherwise apparent.

In general, one of the most important aspects of the study is the evidence
that infants respond to an integrated, intersensory face and voice stimulus and
not to one aspect of the situation (either the face o~ the voice, or the fact
that two separate stimuli are presented). Twoc results especially support this
conclusion. First, there was no significant difference between response to dis-

placed voices versus to other violations, a difference one would have expected if the

increased number of looks during violations as in Experiment I represented a mere.
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séarcﬁ for ihe souﬁd‘s }ncaﬂinﬁ{ The lack of difference‘indigates‘that the in-
creased number of looks from the normal condition is a result of viélatipg an in-
terseﬁsorf face-vbicé schema. Second,‘the diserimination'waé not thé mere recbg-
nition of a difference b.cween any two stimuli. Donnee's (1973) results on in-
fants ages 4 through 11 weeks also tend (although not significantly) to argue
for integration between faces and voices, siﬁce there was differential respondiné"
té vario;s #uditory stimuli depending on the visual stimulué-présentf
| This finding is ver& important for our conception of the infant's perception
of'hingurld and'the way in which this perception develops. Perception which in-
tesrates many parts of the environment is #pparently possible in e&rliest in-
fancy and may be normal at rhis stage of development, rather than exceptional.
Thus, infant perception includes a capacity for holistic perception where the
perception of the whole transcends the perception of the parts. This does not
mean, however, that the young infant's perception is a global "buzzing confusion,”
but rather that there is some meaningful organization of more than one aspect
of the envireamont. Indeed, human perception as a totality may be fundamentally
integrative, or holistic, rather than mechanistic, piece-meal, or atomistic.
Apparently even ducklings can perform such integrations (Gottlieb, 1973). Uutil
recently, little research had been done on intersensory integration, but
fortunactely more researchers have atafted work on this imp>: tant problem
(Carpenter, 1973; S. Cohen, 1973; bale, 1973; Dornee, 1973).
Much of the literature on incongruity as well as infant development assumes
that concepts develop as generalizations from particular schemas (for instance,
a schema of something familfar) rather than proceeding from more general and
integrative schema (for instance, schemas of laws about the environment in
general) to more specific ones. Thus, one might expect Infauts to react more to

mother-violations (an unfamiliar aspect of a familiar person) than to stranger-
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vioIaEions (ah unfamiliér aspéct of an unfémiliar person), at least if the
infan;s have a speéific wother "schgma.” :ﬁé difference between mother and
stranger as sﬁbjects of violation should be eapéccﬂd if the response to
violation 1nvolves a more general schema (for instanee, the concept person )
rather chan a reaction to the dtscrepancy from a partieular schema (mother).
_Regardless of the directiun of development, the general concepc (’peraqn )
m3ay be learned from experience with a spe:ific situation (the catetaker).

: dur data do not answer this satisfactorily. It may very well be that both
t&pes of changes are simuicaneously taking place during development-(werner,‘
1948) and that neither is primary. Perhaps instead of «_&ing the question of
~which precedes the other, we should ask how these processes interact and

under what circumstances each becomes operative.
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to Linda Toﬁnes~Résenwein. Aﬁpreciation is ﬂue‘to Cornelia Wilson for
assistance in data-collection. képrint requests should be sent to Miéhaél
Léwis, Eduéational Testing Service, Prinéeton, New Jersey 08540.

2This procedpre, rather than switching of the speakers, was used in order
to insure that no sound would pass across the sections of the room to the iafant.

3"Looké other” inastead of look doén and look léft was added as a more
Systematic measure of whether the infant looked towards neither'the'placés
where the voice came from nor where the voice was located. "Quiets" was
also added in order to measure, in part, attention to the auditory'portion
of the stimuli.

4See Tversky and Kahneman (1971) for a discussion of why combining two
sets of data is appropriate.

5The reason for this comparison was to rdetermine whether the’response to
the face versus to the voice was affected by the infants' placement. The
infant's position in the room did not seem to have an effect on head orien-
tations to the voice. Since the comparison of response to face versus voice
was not the purpose of the previous comparisons, the issue of the effect of
orientation in the room was excluded from further consideration and stimuli
17 and 18 were omitted from the analyses in this paper.

6In the latter comparison, voice-only stimuli presented to the side
were excluded because in this case . comparison between attention to voice and
to face was being made and there were no occasions during which the face was
presented to the side.

7Mother violations consisted of stimuli 2-5, 11 and 12 corrected for

response to the normal stimulus; stranger violations were similarly defined.
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Table 1
Mean Numﬁer of BehﬂQiors as a’ Function

of Direqtion of Volce _

Conditions Normal {Voice Displaced {Voice DisplaceJ‘Normal
'{ to Right Side | to Left Side
Measures ‘
1 Month (N=11)
Looks Right 1.0 1.4 1.8 1.0
Looks Forward 1.2 1.4 1.1 1.4
Looks Left 0.7 0.5 0.5 0.7
‘Looks Down 0.3 0.3 0.3 0.5
Total Looks 3.1 3.6 3.6 3.7
Vocalizations 0.3 0.1 0.1 0.0
Smiles/Laughs 0.0 0.2 0.1 0.0
Frowns 0.3 0.3 0.3 0.5
Frets/Cries 0.1 0.3 0.1 0.1

4 Months (N=12)

. Looks Right 0.3 101 003 006
Looks Forward 2.9 2.4 2.8 2.6
Looks Left 0.2 0.4 1.2 0.0
Looks Down 1.4 1.1 0.8 1.2
Total Looks 4.8 5.0 5.1 4.4
Vocalizations 0.2 0.2 0.4 0.2
St iessiaughs 1.9 0.3 0.5 0.3
Frowns 0.3 0.1 0.2 0.3
Frets/Cries 0.0 0.2 0.2 0.1

7 Months (N=12)

Looks Right 0.1 1.0 0.2 0.3
Lo~tg Forward 2.3 2.4 2.6 2.2
Looks [a®t 3.2 0.7 1.2 0.2
Looks Down 1.3 1.5 1.2 1.3
Total lonks 4.0 5.6 5.2 4.0
Vocalizations 3.0 0.6 0.2 0.1
Smiles/Laugbs : a7 J.3 0.6 0.4
Frowns ! 5.3 V.1 U.2 0.0
Freots/Cries 0.0 0.1 0.1 0.3

Combined Ages (N=35)

Looks Right 0.4 1.1 0.7 0.6

, Looks Forward 2.2 2.1 2.2 2.1

. Looks lLeft 0.4 0.5 1.0 0.3
Looks Down 1.0 1.0 0.8 1.0

To<al Looks 4.0 4.8 4.7 4.0

Vocalizations 0.2 0.3 0.2 0.1

Smiles/Laughs 0.5 0.3 0.4 0.2

Frowns 0.2 0.2 0.2 0.2

Frers/Cries 0.0 n.1 0.2 0.2
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Fanle

*%
Number of Subjects Looking Differentially between

Viclation and Normal Conditions

_ ‘Looks ‘Looks | lLooks Looks Total Vocali~
Measures Forward Right Left Down Looks zatiuns
Fffects
1 Month (¥=11)
‘Looks more during 2 (1807 1 4 (362) |1 (9%) 11 (9%) |4 (36%) | 1 (92)
viclation stimuli ; o
Looks more during 6 (547) i 0 €0%2) 3 (272 {3 (27%2) | 2 (18%) 2 (187)
normal stimuli | ‘ ' '
Total showiny S8 (737) | 4 (367) 14 (362) | 4 (362) | 6 (542) | 3 (27)

differentiation

4 Months (N=12) §

Looks more during .3 (25%) : 6 (507) (58%2) {2 C17%2) | 8 (677%) 4 (337%)
violation stimuli : l \ '

(172) § 0 (02) 5 (42%) | 2 (17%) 2 (17%)

T G e o e s o e

~}

tw

o

l.ooks more during 7 (587) !
normal stimuli : :

10 (837) . 8 (67%) | 7 (58%) | 7 (582) |10 832) | 6 (50%)

Total showing
ditferentiation

7 Months (N=12) !

Looks more during 6 (507%) | 7 (58%) | 9 (75%) | 6 (50%) | 8 (67%) 5 (42%)
violation stimuli

Looks more during 3 (252) 1 1 (8%) 1 (8%) 5 (L22) | 2 (172) 0 (02)
normal stimuli

Total showing 9 (757) 3 (677%) {10 (83%) |11 (92%2) |10 (83%) 5 (422)

differentiation

Combined (N=35)

Looks more during LY (31%) | 17 (487) {17 (48%) 9 (26%2) | 20 (57%) 10 (28%)
violation stimuli

l.ooks more during 16 (462) 3 (87) 4 (112) {13 (37%) 6 (17%) 4 (11%)
normal stimuli :

Total showing 27 €77%) 1 20 (577) | 21 (60%) | 22 (62%) } 26 (7¢™) 14 (40%)

differentiation

o

L}

dPercentages refer to the percentage of subjects at that age making this
discrimination.
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Table 4

Mcean Number qf Behaviors as a Function of Voice Direction

L B Normal ‘ .Violations of Right Side
Conditions : : : :
- - Mother Stranger Total Mother Stranger Total

Measures

1 Month (N=7) ,

'~ Looks Right 1.1 o7 .9 1.1 .7 .9
Looks Forward 1.3 1.1 1.2 1.1 1.4 1.2
Looks Other N 1.0 o7 o7 1.6 1.1
Total Yooks 2.8 2.8 2.8 2.9 3.7 3.3
Vocalizations .1 .3 . .1 b .3
Smiles/Laughs 0 0 0 0 0
Frowns 0 .1 .1 ¢ .3 .1

~ Frets/Cries , .3 .1 .2 3 0 .1
Quiets 0 0 0 0 0 0

4 Months (N=10)
l.ooks Right .1 .2 .2 .6 A .5
Looks Forward 1.6 2.0 1.8 1.8 2.6 2.2
l.ooks Other 1.2 1.1 1.2 1.1 1.8 1.4
Total Looks 2.9 3.3 3.1 3.5 4.8 4.2
Vocalizations Al N o2 o2 A .3
smiles/Laughs .1 .1 .1 .1 .2 .15
Frowns .3 .1 .2 . .1 .15
Frets/Cries .3 o3 .3 .2 .2 .2
Quiets 0 0 0 -0 .1 .05

Combined Ages (N=17]

Looks Right ) A o5 .8 .5 o7
Looks Forward 1.5 1.6 1.6 1.5 2.1 1.8
l.ooks Other .9 1.1 1.0 .9 1.7 1.3
Total Looks 2.9 3.1 3.0 3.2 4.4 3.8
Vocalizations .1 A o2 o2 b .3
Smiles/Laughs g | .1 .1 .1 .1 .1
Frowns o2 .1 .1 .1 2 9 |
Frets/Cries .3 o2 o3 .2 .1 .2
Quiets 0 0 0 0 .1 0




Table 5

Means and Significance” Levels of the Violations

B s 1

All Vio=~

. A Conditions Right1[€hce- Face & ¢
_ : : Normal | lations | SideP| Voice | Voice Only
Measures )
1 Month (N=7)
Looks Right .9 .7 .9 .9 .6
f.ooks Forward 1.2 1.3 1.3 1.5 1.1
Looks QOther o7 1.3 1.0 1.0 1.2
Total Looks 2.9 3.1 3.2 3.4 2.8
Vocalizations o2 2 .3 .2 .1
Smi les/Laughs 0 0 ) |
Frowns .1 .1 .1 .1 .1
Frets/Cries .2 .2 .1 .1 .2
Quiets 0 0 0 0 0
4 Months (N=10)
Looks Right .2 B 9% 1.0*2: o7
Looks Forward 1.8 2.4%% 2.6*3 2.6% 2.4
Looks Other 1.2 2.0 1.5 1.4 4* 1.9%
Total Looks 3.1 4.8%k% | 5,088k 5 0% 5. Ok
Vocalizations o2 4 .3 3 o2
Smiles/Laughs .1 0 .1 .1 0
Frowns .2 .1 . .2 .1
Frets/Crice .3 .1 o2 .2 0
Quiets 0 0 .1 0 0
Combined Ages (N=17)
Looks Right .5 .8 . 9% 9% .7
Looks Forward 1.6 2.0% 2.0%%* 2 2% 1.9
Looks Other 1.0 1.79%% 1.3 1.2% 1.6%%%
Total Looks 3.0 1 4. 1RERG 4 0% 4 JRAR 4.1%
Vocalisations .2 ' 2 3 .3 .2
Smiles/Laughs .1 0 .1 0 0
* Frowns .1 1 .2 .1 .1
Frets/Cries .3 .1 .2 .2 .1
. Quiets 0 0 0 0 0
*p AR
*%p e
- txdp 0]

a
Responses to the violations were tested against those to the normal stimuli,

Spatial displacement same as Experiment I,
cRight side violations comprised stimulus numbers 3, 5, 8 and 10; Face-

Voice violation~-numbers 4, 5, 9, 10; Face and Voice only~-numbers 2,7,11-16
(see Table 3).




